The multiplicity distribution of the gluons produced at the high energy is evaluated in BFKL approach. The distribution has Poisson form that can explain experimentally observed KNO scaling.
although the scaling should be violated at the very high energies in agreement with the experimental data. 8, 9 There has been much theoretical activity in studying KNO scaling in multiplicity distribution of QCD parton cascades. The cascade starts off a primary virtual gluon whose virtuality Q 2 is of the order of the typical hard scale for the process, say, e + e − annihilation. The primary gluon emits secondary gluon jets each of which, in turn, emits another jets and so on. The cascade development is described by the evolution equation that collects the leading or subleading powers of log Q 2 (see e.g., 10 or 11 for review).
The task we are going to deal with is alternative in that we treat the secondaries arising from the large s scattering of almost on shell particles rather than from the decay of an virtual object. That is why the context of Regge theory, collecting the powers of log s or, equivalently, log 1/x for the deep inelastic scattering, seems to be quite natural. An important point to be questioned at first is what kind of distribution could be expected from a single Pomeron, or in another language, from a single quarkgluon string. Is it evident that it is Poisson like? Some insight can be gained by calculating the distribution of perturbative gluons originating from BFKL Pomeron. It is the issue that is addressed below.
2.The BFKL Pomeron arises as a compound state of two reggeized gluons in the sum of ladder type diagrams. [12] [13] [14] [15] The treatment essentially relies on Multi-Regge form of many-particle amplitudes. It provides an expression for the amplitude to produce n gluons or, more generally n jets, in the inelastic scattering, A + B → A ′ + B ′ + n, at the large invariant energy s = (p A + p B ) 2 and the kinematics, when the rapidity intervals between the jets are much larger those between the jets' constituents -multi-Regge kinematics (see 16 and references therein). This amplitude is actually nothing else as the cut through the Reggeon. Using s-channel unitarity it gives the imaginary part of the elastic scattering amplitude, which value at t = 0 is translated into the total cross section,
Here Φ A,B are the color-singlet impact-factors, Y = ln s/s 0 (s 0 is an appropriate energy scale usually assumed in the Regge theory to be of the order of 1 GeV 2 ), G(Y ) is the Green function of two interacting reggeized gluons. It is given by the series 17, 19
with the operators Ω and K r acting in the transverse momentum space. The operator K r describes the emission of real (on-shell) gluons,
the virtual corrections are collected in the gluons' trajectories, Ω = ω 1 + ω 2 . They are equal for the total transferred momentum q = 0,
the gluon mass m 2 g being the infrared cutoff. The formulae (3), (4) are relevant in the Leading Logarithm Approximation (LLA) collecting the leading powers of α S ln s/s 0 , where α S = g 2 /4π, g is QCD coupling constant. The dominant contribution to cross sections of hard processes comes in LLA from multi-Regge kinematics, when the emitted particles are single gluons. The situation allowing for the emission of the jets made up of two or more particles corresponds to the next to the leading order corrections. 17, 20 If x is a transverse coordinate canonically conjugated to the momentum q, there is an equivalent form of the operators (3), (4),
, valid for the small m g . 19 The series (2) is summed up as
which is the operator form of the BFKL equation. 19 The mass m g cancels out in the operator K for the color singlet Pomeron channel (as is evident from (5)).
The N-th order term in the expansion (2) describes the emission of N real gluons. To pick up its relative weight in G(Y ) we multiply it by an auxiliary variable u N , or in other words replace K r → u K r . Then the probability to emit n real gluons reads
with the generating function P (u) obtained by modifying the formula (1),
To work out this expression we firstly rearrange the operator appearing in P (u) as
, u ≡ 1 − u, and pass to the complex variables,
the hermitian conjugate being ∂ ∂q + = − ∂ ∂q * . Using the identity 18, 19 ln q + ln
and its hermitian conjugate we arrive at the form that falls into the holomorphic and antiholomorphic pieces, with the operator
Putting it together with the same identity for the antiholomorphic ln q * results into the relation e 
Now one has to plug the identity (8) into the matrix element occurring in the function P (u) (7) . We do it in the following way 
This form has a merit of the infrared cutoff explicitly factorized out. Besides, the operator in the matrix element is diagonal in the basis, where D and D * are diagonal,
The main contribution for Y ≫ 1 is known to come to the Pomeron mediated cross section from the point ν = 0, n = 0. It seems therefore reasonable to find the gluon multiplicity just at these values. Introducing the function F (x),
where ω P = 4α ln 2 is the LLA Pomeron intercept.
The function P (u) turns out, however, to be strongly suppressed when the infrared cutoff m g → 0. Actually it vanishes for all u < 1 making thereby vanishing the probability (6) for any finite N. The reason behind this is in the virtual gluons. The function P (u) is constructed in (7) to fix the number of the real gluons whereas the virtual ones associated with the gluon trajectory ω remain unrestricted. As a consequence we are dealing with the amplitudes of the given perturbation order for the real emission allowing at the same time for the virtual corrections of an arbitrary order. To improve it we modify the operator K(u) → K(u, v) = uK r + 2v ω by adding a new variable v that "counts" the virtual gluons. It simply results into redefinition u → v − u in the all above expressions, so that u and u become independent. The m g → 0 limit enforces then u = v, balancing the real and virtual contributions, but now it leaves us with
Thus we finally arrive at the results that looks very naturally, the Poisson distribution for the emitted gluons,
This form seems to be rather universal, the deviations could be possible only for very special and unrealistic impact factors.
3. Concluding, the Poisson distribution is shown to be valid at least within LLA accuracy for the gluons arising from the cut of BFKL Pomeron. It looks different compared to e = e − case, where more complicated parton distributions are obtained. 10 Assuming soft branching hypotheses 21 telling that main qualitative features of the secondary hadrons distribution are similar to those of the partons one plausibly expects the secondary hadron to be distributed according to Poisson form too. It could explain the observed KNO scaling effects. 1, 5 The authors are grateful to M.G. Ryskin for helpful discussion.
